26 Y-chromosome short tandem repeat (STR) loci were amplified in a sample of 856 unrelated males from Bhutan, using two multiplex polymerase chain reaction (PCR) assays. The first multiplex is the Y-STR 20plex described by Butler et al. (2002) , and the second is a novel (but overlapping) 14plex that targets six additional Y-STRs (DYS425, DYS434, DYS435, DYS436, DYS461, DYS462) and also amplifies the amelogenin locus. The 26 loci give a discriminating power of 0.9957, though even at this resolution one haplotype occurs 24 times. We identify novel alleles at five loci, and microvariants at a further three, which were characterised by sequencing. haplotypes for these samples have been submitted to the Y-STR Haplotype Reference Database.
Introduction
Y-chromosomal short tandem repeats (STRs) are becoming increasingly widely applied in forensic analysis because of their malespecificity and the informativeness of the haplotypes they define. Enough markers are available to provide useful discriminating power in individual identification work, and the geographical differentiation of Y haplotypes [1] means that information about the population-of-origin of the donor of a given Y chromosome can often be deduced.
Because of the strong geographical structure of Y-chromosomal haplotype variation, the usefulness of Y haplotypes in forensic casework depends on the availability of accurate and extensive population databases.
The online and publicly available Y-STR Haplotype Reference Database (YHRD) is an excellent such resource, but currently has a strong European bias. Here we describe alleles at 26 Y-STRs, and properties of the haplotypes they define, in a previously unstudied population, that of Bhutan in the eastern Himalayas. Eleven-locus haplotypes have been submitted to the YHRD, and full data are available from the authors on request. Our report follows guidelines for the publication of population data [2] .
Sampling of 856 Bhutanese males was undertaken as part of a larger collaborative project [3] examining genetic diversity in populations of the Himalayas within the context of their extraordinary degree of linguistic diversity [4] . Here we describe our initial findings with Y-STRs, treating the Bhutanese sample as a single population; relationships between subpopulations and linguistic sub-groups, together with data on other genetic markers, will be described in future publications. The samples represent 19 distinct ethnolinguistic groups, all speaking Tibeto-Burman languages, and widely distributed throughout Bhutan.
Our choice of Y-STRs was governed by three factors: comparability with a broad range of published data sets on other populations, forensic utility, and efficiency of typing. These requirements were met in two multiplexes, one of which has been previously described [5] and amplifies 20
Materials and Methods

DNA samples
856 Bhutanese males provided blood samples with informed consent, and DNA was extracted using Autopure LS ® from Gentra Systems, according to the manufacturer's specifications. DNA samples from collections of the authors, including Y-Chromosome Consortium (YCC) cell lines [6] , were used as haplotype reference materials.
Y-STR multiplexes
20plex
The multiplex design and the 34 primer sequences required have been described previously [5] . This 20plex amplifies the following loci and includes all eleven Y-STR markers in the European "extended haplotype" (given in bold; http://www.yhrd.org/): DYS19, DYS385a/b, DYS388, DYS389I, DYS389II, DYS390, DYS391, DYS392, DYS393, DYS426, DYS437, DYS438, DYS439, DYS447, DYS448, DYS460, YCAIIa/b, and Y-GATA-H4.1.
14plex
In summary, this multiplex includes the amelogenin sex-test [7] , and targets 13 Y-STRs. Seven of these, namely DYS19, DYS385a/b, DYS392, DYS438, DYS447, DYS448, are also typed by the 20plex using the same primers; this redundancy provides a cross-check for sample identity. Primers for five of the remaining six Y-STRs and for amelogenin are as described by Bosch et al., 2002 [8] , and those for DYS425 are as described by Jobling et al.,
1996 [9] . The design of this novel multiplex and the 5´ end-labelled fluorescent dye of each forward primer are illustrated in Figure 1 . In order to accommodate DYS19 [5] within the design of the 14plex it was necessary to alter its 5´ fluorescent label from NED TM (yellow) to 6FAM TM (blue).
PCR amplification conditions
PCR amplifications were performed using 5ng template DNA in a total To ensure that the resultant PCR amplicons are A-tailed (thereby avoiding the split peak phenomenon when visualised), a 4µl reaction mix incorporating 0.25U Taq polymerase (ABgene) and a 1X PCR buffer system [10] was added to the PCR products prior to incubation for a further 45 min at 72°C.
Detection and analysis of PCR products
The A-tailed PCR products were diluted (1 in 5) and 2µl of this dilution mixed with 10µl Hi-Di TM formamide and 0.15µl GS500 LIZ size standard (Applied Biosystems). After incubation at 95°C for 3 min, followed by 5 min on ice, the samples were loaded onto an ABI Prism  3100 Genetic Analyzer Data were analysed on a PC with Genemapper v. 3.0 (Applied Biosystems). Bins of 1.5bp were created (see Figure 1 ) in order to discriminate allelic forms and the allele calls were assigned using multiplex PCR products derived from reference DNA samples. For the 20plex, YCC cell-line DNAs [6] were used as reference DNAs, as their full haplotypes are provided in the literature [5] . Allele designation for the 14plex relied on a combination of YCC samples and DNAs from collections of the authors. Allele-sizing data, provided by the internal sizing standard, confirmed the allelic identities based on expectations derived from published sequence data.
Quality control
In addition to regularly typing the reference DNAs to confirm that the typing remained consistently accurate, validation of the PCR method and allele-calling was carried out by blind retyping of 60 DNA samples; all alleles called in the original typings were correctly called in the repeat typings. The quality control exercise for submission of data to the YHRD was also passed.
Y-STR nomenclature
Allele nomenclature was according to Butler where it was necessary to change nomenclature for compatibility with ISFG recommendations [11] . Compared to Butler et al. [5] , seven repeats were subtracted from DYS439, three subtracted from DYS448, and eight added to Y-GATA-H4.1. Note that Y-GATA-H4.1 was previously referred to as Y-GATA-H4 [5] , a name now used to refer to a larger amplicon including additional repeats [11] ; in addition, the repeat motif is now (AGAT), rather than (TAGA). For DYS425, the repeat motif was taken to be (TGT) [12] , and alleles in three reference chromosomes [6] defined by sequencing: YCC15 (allele 13), YCC24 (allele 12) and YCC43 (allele 12).
Calculations
Gene diversity and haplotype diversity were calculated using Arlequin [13] . Tables 2 and 3 show the allele frequency distributions for all the Y-STRs studied. As in a previous study [8] , DYS385 (when considered as a genotype - Table 3 ); and for DYS439, one individual carried both alleles 10 and 11. Multiple peaks in these cases are most simply explained by locus duplication. The trinucleotide STR DYS425 is a more complex case, since it is one locus within a multi-locus STR, amplified using a locus-specific forward primer targeted at a single specific base. It has been shown that gene conversion (non-reciprocal transfer of sequence information) occurs frequently between repeated sequences on the Y chromosome [15, 16] , so the occurrence of null or multiple peak cases at DYS425 may be better explained by a conversion event transferring a primer-binding site between copies, rather than conventional deletion or duplication processes.
Results and discussion
Diversity of alleles
Microvariants (partial alleles) were present at four STR loci (Tables 2   and 3 ). Those at DYS385 were not investigated further, but those at DYS436, DYS447 and DYS448 were analysed by sequencing, the results of which are summarised in Figure 2 . The microvariant observed at the trinucleotide locus DYS436 involves a 4-bp deletion which straddles the repeat array and the 3f lanking sequence; the length of the PCR product therefore suggests allele 10.2, but sequencing shows that it actually contains 11.1 repeat units.
Microvariants at DYS447 result from a deletion of 1bp within the pentanucleotide repeat array; sequencing reveals isoallelism, in that alleles designated 21.4 and 22.4 each exist in two forms with different internal structures. The DYS448 microvariant includes a G to T transversion in the 10-bp segment that separates the first two blocks of hexanucleotide repeats.
Diversity of haplotypes
For simplicity, haplotype diversity (equivalent to power of haplotypes that are present in ten or more individuals (Figure 3a) , including one that is observed 24 times. Of these nine common haplotypes, seven (including the most common haplotype) are predominantly (≥90%) restricted to particular geographically defined subpopulations. A future publication will explore the significance of these high-frequency haplotypes more fully.
Concluding remarks
Y-STR typing at the resolution carried out here provides considerable discriminating power for forensic analysis, and the haplotypes defined are also highly informative in population genetic studies. The Bhutanese sample set is currently being analysed using Y-chromosomal binary markers, and the combination of STR haplotypes and binary haplogroups will provide the first insights into the peopling of this region of the world. Figure 2a) ; however, the amplicon size suggests a 10.2 repeat allele.
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